evere sepsis contributes to approximately 10 percent of admissions to the intensive care unit worldwide, with resultant in-hospital mortality of 20 to 52 percent. [1] [2] [3] [4] [5] [6] [7] [8] [9] The Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) trial, involving adult patients with severe sepsis, showed a 19.4 percent reduction in the relative risk of death from all causes and an absolute reduction of 6.1 percent at 28 days among patients treated with drotrecogin alfa (activated) (DrotAA; Xigris, Eli Lilly) as compared with placebo. 10 Exploratory analyses of subgroups in the PROWESS trial indicated a consistent treatment effect in the majority of clinically relevant subgroups. 10, 11 On the basis of subgroup analyses, regulatory agencies approved the use of DrotAA for patients at high risk for death (as defined, for example, by an Acute Physiology and Chronic Health Evaluation [APACHE II] score 12 ≥25 or multiorgan failure), a population in which the risk-benefit profile appeared most favorable.
Approval of DrotAA by the Food and Drug Administration (FDA) required the sponsor to conduct a trial to evaluate the effects of DrotAA in the population of patients with severe sepsis who had a low risk of death. A randomized, double-blind, placebocontrolled trial to evaluate the efficacy and safety of DrotAA in adult patients with severe sepsis and a low risk of death, indicated primarily by APACHE II scores of less than 25 or single-organ failure, was initiated.
patients From September 2002 to February 2004, we enrolled eligible adult patients in this randomized, double-blind, placebo-controlled, multicenter trial, which was conducted at 516 centers in 34 countries. Patients were eligible for the trial if they had severe sepsis, which was defined as the presence of a suspected or known infection and sepsis-induced dysfunction of at least one organ (cardiovascular, renal, respiratory, hematologic, or unexplained metabolic acidosis) (see Supplementary Appendix 1, available with the full text of this article at www.nejm.org), and a low risk of death. The institutional review board at each investigative site approved the study protocol, and all patients or their authorized representatives gave written informed consent.
treatment assignments
Multiple lots of DrotAA were manufactured from clones of a single cell. Patients were randomly assigned to receive a 96-hour intravenous infusion of placebo (0.9 percent sodium chloride) or DrotAA at a dose of 24 µ g per kilogram of body weight per hour. We used block randomization stratified according to investigative site and within a site in terms of whether the patient received or was intended to receive low-dose heparin for prophylaxis against deep-vein thrombosis at the start of infusion of the study drug (see Fig. 1 of Supplementary Appendix 1). Patients had to begin treatment with the study drug within 48 hours of documentation of the first organ dysfunction. All other patient care was at the discretion of the investigators and was not specified in the study protocol. Patients, investigators, and all others involved in conducting the study remained blinded to the treatment assignments for the duration of the study. All delivery systems for the study drug were covered to ensure blinding.
exclusion criteria
Patients were excluded from the study if DrotAA was indicated or contraindicated according to the applicable label in the country in which they were enrolled. The population for which DrotAA is indicated varies from country to country but is generally defined as one or both of the following: patients with multiorgan dysfunction (European Union label) or patients at high risk for death as defined, for example, by an APACHE II score of 25 or more (U.S. label). Since a degree of variability exists in label indications worldwide, if an investigator thought that the patient was at low risk for death despite a high APACHE II score or multiorgan failure, the protocol permitted enrollment of the patient.
Patients also were excluded if they had an increased risk of bleeding, if they were in a moribund state or were not expected to survive for 28 days, given their preexisting, uncorrectable medical condition, or if there was no commitment to aggressive management. If the patient's disease progressed and the investigator determined that it was in the best interest of the patient to initiate treatment with commercial DrotAA, treatment assignment was unblinded and the study drug was discontinued, but follow-up of the patient continued. Unblinding was required to permit the investigator to treat the patient appropriately for the indicated duration of ther-apy (i.e., 96 hours). Patients assigned to placebo who received commercial DrotAA were evaluated in the intention-to-treat analyses as members of the placebo population.
evaluation of patients
Baseline characteristics were assessed. APACHE II scores were based on variables assessed in the 24-hour period immediately before randomization. All patients (including those who did not receive the study drug or who discontinued it) were followed for the 28-day study period. If they were still in the hospital at day 28, they were followed to hospital discharge or day 90, whichever occurred first. Follow-up for survival at one year is continuing. We also assessed serious adverse events, including serious bleeding events; nonserious bleeding events that occurred during the treatment period (day 0 through day 6) and led to or contributed to the need for the transfusion of packed red cells; nonserious adverse events related to the study drug; and adverse events that led to permanent discontinuation of infusion of the study drug.
statistical analysis
Data were analyzed according to a prospectively defined plan. The primary efficacy end point (death from any cause, assessed 28 days after the initiation of the infusion) was analyzed in the intentionto-treat population, defined as all patients who were randomly assigned to treatment, even if the patient did not receive the assigned or correct treatment, did not follow the protocol, or received commercial DrotAA as a result of the investigator's decision.
The projected sample size of 11,444 patients ensured at least 90 percent power to detect a statistically significant difference between placebo and DrotAA with a two-sided P value of 0.05. The sample size was based on an assumed underlying mortality rate of 20 percent in the placebo group and 16 percent in the DrotAA group. The calculation of sample size also took into account the estimated 20 percent of patients assigned to the placebo group who had disease progression and for whom therapy with commercial DrotAA would be initiated during the study period.
Three planned interim analyses by an independent, external data-monitoring committee occurred after the 28-day follow-up for 1000, 3816, and 7632 patients, respectively. The committee, which could also request additional unplanned interim analyses, agreed on prospectively defined statistical guidelines for stopping the trial for reasons of efficacy, safety, and futility before the first interim analyses. Statistical guidelines for efficacy were determined with the use of the O'Brien-Fleming spending function, according to the method of DeMets. 13 Guidelines for futility ensured that at each interim analysis there would be at least a 5 percent chance of demonstrating a significant difference between the groups in the primary end point by the completion of the trial, in order to continue. Safety analyses were performed for all patients who received the study drug for any length of time.
In-hospital mortality was analyzed as a secondary end point. In addition, analyses of 28-day mortality, in-hospital mortality, and serious bleeding events were performed in multiple prospectively defined subgroups.
The data for categorical variables are presented as incidence rates, and the treatment groups were compared with the use of chi-square, Fisher's exact, Cochran-Mantel-Haenszel, or Breslow-Day tests. Data for continuous variables are summarized with the use of means ±SD. Statistical tests for continuous variables were performed with the use of analysis of variance of ranked data. Kaplan-Meier estimates were used for time-to-event analyses, and log-rank tests for comparisons. Two-sided 5 percent significance levels and 95 percent confidence intervals were used for all efficacy and safety analyses. We made no adjustments to P values for multiple comparisons. Computations were performed with the use of SAS software (version 8.2).
This study was designed by the sponsor, Eli Lilly, with the external executive and steering committees of the Administration of Drotrecogin Alfa (Activated) in Early Stage Severe Sepsis (ADDRESS) study group. The data were collected and analyzed by the sponsor. The academic authors had full access to and vouch for the accuracy and completeness of the data and the analysis. One academic author wrote the paper with the input and critical review of all the authors.
At the first interim analysis (1000 patients), the datamonitoring committee recommended continuing the trial and requested a subsequent unplanned analysis of approximately 1500 patients. At the time of that analysis, the data-monitoring committee results recommended early termination of enrollment in accordance with the futility guidelines, owing to the fact that there was a less than 5 percent chance of success of meeting the prospectively defined objective of a significant reduction in the risk of death from any cause, assessed 28 days after the initiation of the infusion of DrotAA. The expected increase in the risk of bleeding with the use of DrotAA, along with the low likelihood of efficacy, also contributed to the recommendation to terminate the trial. At the time of termination, 2640 patients had enrolled in the study. Because some patients withdrew consent or were lost to follow-up, 28-day mortality rates were available for 2613 patients, 1297 in the placebo group and 1316 in the DrotAA group (Fig. 1 
characteristics of the patients
Small numerical imbalances at baseline were observed between the treatment groups ( Table 1) . Respiratory and cardiovascular organs or systems were the most common sites of single-organ dysfunction at study entry, occurring in 35.2 percent and 21.8 percent of the patients, respectively. The distribution of APACHE II scores in the present trial as compared with those in the PROWESS trial is shown in Figure 2 of Supplementary Appendix 1.
efficacy
There was no statistical difference between the placebo and DrotAA groups in 28-day mortality (17.0 percent vs. 18.5 percent, respectively; P=0.34; relative risk, 1.08; 95 percent confidence interval, 0.92 to 1.28), and the difference remained nonsignificant after adjustment for the APACHE II score before infusion of the study drug. Figure 2 shows Kaplan-Meier survival curves for the placebo group and the DrotAA group (P=0.31). In-hospital mortality rates were nearly identical in the placebo group and the DrotAA group (20.5 percent vs. 20.6 percent; P=0.98; relative risk, 1.00; 95 percent confidence interval, 0.86 to 1.16) .
Approximately 77 percent of the deaths were attributed to a sepsis-related cause (sepsis-induced multiorgan failure, respiratory failure, or refractory septic shock) as determined by the investigators. Although the differences in the causes of death between the groups were not statistically significant, hemorrhage accounted for two deaths (0.9 percent) among patients in the placebo group as compared with seven deaths (2.9 percent) among patients in the DrotAA group (P=0.12).
The location of the patients was similar between treatment groups at day 28 and at hospital discharge or day 90. At day 28, 52.3 percent of survivors were at home, and at hospital discharge or day 90, 65.2 percent of survivors were at home.
subgroup analyses
Mortality rates among prespecified subgroups of patients are shown in Table 2 . Of the 2640 patients enrolled in the study, 2315 (87.7 percent) had an APACHE II score of less than 25 (see Fig. 2 of Supplementary Appendix 1). In this group, there were no statistically significant differences between the placebo group and the DrotAA group in 28-day mortality (16.0 percent vs. 16.9 percent, P=0.55) or in in-hospital mortality (18.7 percent vs. 18.9 percent, P=0.97).
Post hoc exploratory analyses of the subgroup of patients who had undergone recent surgery (i.e., within 30 days before enrollment) and had single-organ dysfunction (314 patients in the placebo group and 321 in the DrotAA group) indicated that surgical patients with single-organ dysfunction receiving DrotAA had higher 28-day mortality rates and during the 28-day study period (10.9 percent vs. 6.1 percent, P=0.03). In the surgical patients with single-organ dysfunction who had a bleeding event, more patients in the DrotAA group than in the placebo group died of sepsis-induced multiorgan dysfunction (11 vs. 2) or of a hemorrhage (4 versus 0). The rates of serious bleeding events in the treatment groups were similar during infusion, as well as during the 28-day study period. The most important serious adverse event was bleeding (Table 3 ). In both treatment groups, approximately two thirds of the serious bleeding events were spontaneous and one third were related to a procedure during the infusion period. The number of bleeding events involving the central nervous system was similar in the placebo group and the DrotAA group during infusion (three vs. four patients, P=0.72) and during the 28-day study period (five vs. six patients, P=0.79). Three deaths were considered to be related to the study drug -a cerebral hemorrhage in a patient in the placebo group, and hemorrhagic shock and an upper gastrointestinal hemorrhage in two patients in the DrotAA group.
In this study of adult patients with severe sepsis and a low risk of death, no statistically significant discussion * DrotAA denotes drotrecogin alfa (activated). Plus-minus values are means ±SD. Because of rounding, not all percentages sum to 100. † Race was determined by study personnel. ‡ Europe includes Austria, Belgium, the Czech Republic, Denmark, Finland, France, Germany, Italy, the Netherlands, Norway, Romania, Russia, the Slovak Republic, Spain, Sweden, Switzerland, and the United Kingdom, and Intercontinental includes Argentina, Australia, Brazil, Chile, Egypt, India, Mexico, New Zealand, the Philippines, Saudi Arabia, Singapore, South Africa, Taiwan, and Thailand. § Acute Physiology and Chronic Health Evaluation (APACHE II) scores can range from 0 to 71, with higher scores indicating more severe illness. The APACHE II score was missing for one patient in the placebo group. ¶ Recent surgery denotes surgery within 30 days before study enrollment. There was no significant difference between the treatment groups in survival at 28 days (P=0.31 by the log-rank test). difference was demonstrated in 28-day or in in-hospital mortality between the placebo and the DrotAA groups. These results are consistent with those previously described from a post hoc analysis of the subgroups of patients with APACHE II scores of less than 25 enrolled in the original PROWESS study of DrotAA. 11, 14, 15 In PROWESS, the 28-day mortality rates were significantly lower with DrotAA treatment than with placebo among patients whose APACHE II scores were 25 or higher (30.9 percent vs. 43.7 percent) 15 or who had two or more sepsis-induced organ failures (26.5 percent vs. 33.9 percent). 11 No such effects were observed in the present study; however, only 324 patients (12.3 percent) enrolled in this clinical trial had APACHE II scores of 25 or more, a number too small to permit the detection of statistically significant survival differences associated with DrotAA therapy.
The 95 percent confidence interval for the relative risk of death in the subgroup of patients with APACHE II scores of 25 or more in the present study (relative risk, 1.19; 95 percent confidence interval, 0.83 to 1.71) overlaps with that in the PROWESS study (relative risk, 0.71; 95 percent confidence interval, 0.59 to 0.84). Furthermore, the mean (±SD) APACHE II score in this subgroup was lower in our study than in the PROWESS study (28.1±3.3 vs. 31.1±3.3). In addition, 28-day mortality among patients in the placebo group who had APACHE II * DrotAA denotes drotrecogin alfa (activated). The number of patients refers to the total number of patients who completed the study and were included in the analysis. P values were calculated with the use of the Breslow-Day test. † Acute Physiology and Chronic Health Evaluation (APACHE II) scores can range from 0 to 71, with higher scores indicating more severe illness. APACHE II class was prospectively defined for the ADDRESS trial. The prospectively defined subgroups of patients with an APACHE II score below 20 and those with an APACHE II score of 20 to 24 were combined to obtain the subgroup of patients with an APACHE II score below 25. At 28 days, mortality rates among the 2291 patients with APACHE II scores below 25 were 16.0 percent in the placebo group versus 16.9 percent in the DrotAA group (P=0.55). In-hospital mortality rates among the 2300 patients with APACHE II scores below 25 were 18.7 percent in the placebo group versus 18.9 percent in the DrotAA group (P=0.97). The APACHE II score was missing for one patient in the placebo group. ‡ Recent surgery denotes surgery within 30 days before enrollment. The surgical status was unknown for six patients. § The number of first patients enrolled does not equal the number of centers in the trial owing to patients lost to follow-up at 28 days or to hospital discharge. scores of 25 or more was 24.7 percent in the present study, a rate significantly lower than the 43.7 percent observed in the placebo group of the PROWESS study, indicating that less severely ill patients were enrolled in the present study. Improvements in the care of patients with severe sepsis may have contributed to the lower mortality rates in the placebo group in the present study. The relatively low mortality observed may also reflect the trial design and entry criteria, which were aimed at enrolling patients who had sepsis and a low risk of death. Although APACHE II scores are an indication of the severity of illness in populations of patients, they may be less useful in predicting the outcome of individual patients. Approximately one third of the patients in this study had multiorgan dysfunction, and small reductions in mortality among patients treated with DrotAA were observed in this subgroup; however, the number enrolled was too small for us to detect a statistically significant difference.
Since this study was originally designed to enroll more than 11,000 patients, we anticipated that approximately 1000 clinical sites would be needed for the recruitment of patients. A total of 516 centers in 34 countries enrolled patients. Many of these centers and countries had not previously participated in critical care trials. Although there were no clear differences in the clinical characteristics of patients enrolled by inexperienced sites as compared with experienced sites, the inclusion of large numbers of centers new to critical care trials may have affected the patient population included in this study, making it difficult to compare the results of this clinical trial directly with those of other studies of DrotAA, such as PROWESS. Although the entry criteria in this study were designed to be simple, the complexity of diagnosing and managing severe sepsis in patients and the variability in the local indications for the use of DrotAA as part of routine clinical care are likely to have introduced uncontrolled variables that may have affected the outcome of patients and their response to treatment with DrotAA or placebo. 16 We performed a post hoc analysis of the small subgroup of patients in the present study who had had recent surgery (i.e., within 30 days before enrollment). We found that the subgroup of surgical patients who had single-organ dysfunction and were treated with DrotAA had a higher rate of 28-day and in-hospital mortality than the surgical patients with single-organ dysfunction who received placebo.
This observation triggered an analysis of the same subgroup in the PROWESS study, and a similar effect was noted.
In the PROWESS study, in the subgroup of 98 surgical patients with single-organ dysfunction, those patients receiving DrotAA had a higher 28-day mortality rate than the surgical patients with single-organ dysfunction receiving placebo (20.4 percent vs. 16.3 percent, P=0.60), as well as a higher in-hospital mortality rate (29.2 percent vs. 17.0 percent, P=0.16). Because the response to surgery may mimic many of the early signs of sepsis and organ dysfunction, it may be difficult, especially in the surgical patients with single-organ dysfunction, to distinguish between a patient with a surgery-induced inflammatory state and one with severe sepsis. It is also possible that increased postoperative bleeding contributed to sepsis-induced tissue ischemia, worsening organ failure, and a higher mortality rate. An additional contributing factor, if time-to-treatment is important, may have been the requirement to wait 12 hours after surgery before the administration of the study drug. These hypotheses are difficult to confirm because data on surgery and its relationship to the diagnosis of severe sepsis are limited.
DrotAA has anticoagulant effects that result in increased bleeding episodes in patients treated with this agent. 10, 17, 18 In the present study, serious bleeding events occurred in 2.2 percent of pa-* DrotAA denotes drotrecogin alfa (activated). Only patients who received the assigned study drug are included in this analysis. tients who received placebo and in 3.9 percent of patients who received DrotAA. These rates of serious bleeding events are similar to those found in the PROWESS study (2.0 percent in the placebo group vs. 3.5 percent in the DrotAA group during the 28-day study period). The similarity in bleeding rates between the placebo groups in the two trials may reflect the expected bleeding rate among patients with severe sepsis. Bleeding events involving the central nervous system are of particular concern among patients receiving anticoagulant therapies but did not occur with higher frequency among patients treated with DrotAA in the present study. Such results confirm that bleeding events occur in patients treated with DrotAA but that the incremental incidence is low in critically ill patients with sepsis who already have a risk of serious bleeding.
The ADDRESS study did not enroll a sufficient number of patients to yield a precise estimate of the effect of DrotAA in patients with sepsis and a low risk of death. However, for the population of patients enrolled, no beneficial treatment effect associated with the administration of DrotAA was observed. The results of this trial are consistent with the post hoc subgroup analyses in PROWESS that found little or no benefit of DrotAA in patients at low risk for sepsis-induced mortality. However, the present results cannot be used to draw any conclusions about the effects of DrotAA treatment in other patient groups, including high-risk patients with severe sepsis.
An open-label study that examined the use of DrotAA in patients with sepsis and a greater severity of illness than the patients in the present clinical trial suggested that the reduction in the mortality rate was similar to that found in the PROWESS study. 19 The absence of an observed beneficial treatment effect in patients receiving DrotAA in the current study, coupled with the increased incidence of serious bleeding complications among such patients, supports the conclusion that the risk-benefit ratio for the administration of DrotAA in patients with severe sepsis who are at low risk for death is not favorable. These results indicate that DrotAA should not be used in patients with severe sepsis who are at low risk for death, such as those with single-organ failure or an APACHE II score of less than 25.
